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INTRODUCTION 

This is an interim report to the Research Advisory COmmittee of U • .s~ Am. 
It Is written in the context of a period of 8 months of work an a program whose 
scope and objectives were modified in May 1977. The results presented describe 
progress on a program scheduled for completion in January 1980. 

The seemmgly simple objective of using hormones to induce spawning in 
mUkfish is not so simple whEln you look at the steps involved. A description of 
the steps involved in obtaining broodstock and spawning these animals provides a 
perspective for the accompUabments to date: 

0 finding the fish 

0 catching the fish 

CI handUng th.e lit'} 

0 transporting tht, fish 

0 holding the flsb 

0 spawning the fish 

0 fertUizingthe eggs 

0 hatching the eggs 

0 holdintt the larvae 

0 feeding the larvae 

0 transport1ng the juven1les (fry) 

Developing methods and carrying out each of these activities revealed a 
whole new set of unsolved problems. The solution of these problems in a practi
cal and repeatable fashion is the minimum requirement for the development of 
transferable technology that will realistically contribute to the production of fish 
in any context. 
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GOAISANDOBJECTIVES 

A. Goals 

The ulWnate goal of th1s project is to develop methods and systems that 
w1ll result in the capability to breed mUkflsh. This will result in the capacity to 
supply stocking Reed for culture ponds in Southeast Asia and other areas where 
mtlkffsh farming is impcrtnnt to food production. To accompUsh this goal, we 
have identified a Ust of activities or problems to be solved. These activities are 
the objectives of the current program; th~ scope of activities range from finding 
broodstock to eventually solvinlI the food requirements for larvae. For the pur
pose of this report, the activities of the program. are grouped into seven distinct 
categories which, when complete, should fulfill the goal of this pro2ram. These 
are the specific objectives: 

B. Objectives 

1. EstabUsh broodstock in captivity 

2. EstabUsh conditions for spawning 

3. Induce spawning by hormone injection· 

4. EstabUsh conditions for larval rearing lnthe laboratory 

5. Develop practical methods for Inrg~scale fryprodUctiOD 

6. Determine. the economies of hatche-ry operatiOD 

'1. Conduct health care an~ pcdhology' .. research 



I. ESTABLISH BROODSTOCK IN CAPTIVITY 

A. ~ 

. The scope of these actf.vf.ties: Include: 

1. Collect mature-sized fish fromwUd POIlulations. 

2. Collect Immature fish and "atabUshpODulations for spa\Vllmg tD.future 
years. 

3. Develop appropriate holding faclUties for these stocl::s. 

B. Results to Date 

Holding facWties are essential to being able to hold stocks. We have taken 
the dual approach of developing artificial holding facWties at the Oceanic Institute 
as well as management of natural poad areas where milkfish are known to reach 
sexual maturity. These were then stocked with fish. The use of aawral ponds 
involved obtaining permission from owners and managers of the land. Specifically, 
three ponds are now being used; these are: Hopeaill and Manoku ponds on Hawaii, 
and NOmilu pond on Kauai. In addition, we ba ve designed and built three experi
mental environments at the Oceanic Institute. These include four l/8-acre ponds, 
one o. 88-acre pone, and a 400 sq. ft. controlled-environment tank. 

1. Fishing Progrnm 

To provide stocks for these ponds and tank, the Oceanic Institute has, 
in cooperation with Alu Like (who have provided the manpower for the program), 
developed a fishing team to capture wild stocks in Pearl Harbor. KlUleohe Bay, 
and other ocean locatiOns. This team, consisting of five persons, has been suc
cessful in locating several wild populations and has developed capture methods 
for m1lkf1sh juveniles and subadults. 

a. Juvenile Fish. The methods of capturing Juveniles are 
relatively straightforward and survivals in excess of 70% are routinely achieved. 
To date, we have captured 805 immature fish with sizes ranging from 1.3 cm to 
40 cm. 

b. Mature Fish. The size at which a milkfish reaches seJrual 
maturity is dependent upon the environmental conditions; age is also a determining 
factor for this species. For example, in Hawaii and the PhWppines, a mature 
m1lkfish is usually about 1 meter long and weighs in excess of 14 pounds, in com
parison with Christmas Island where mature flah are found in sallnit1es ranging 
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from 76 ppm to 102 ppm and reach maturity with lenghs of 0.38 m and weighing 
2.2 pounds. 

capturing mature flsh in ponds at Christmas Island and pond locations in 
Hawaii has been relatively successful with about 90% survival. By comparlson 
with Christmas Island, the number of mature fish in ponds in Hawatlis relatively 
small. Transportation from neighbor islands to Oahu is logtstlcally d1ff1cult and 
expensive. Thus we have used fish on Kauai and Hawaii for pond studies and de
veloped artif1cial environment.s on Oahu where the Institute is located. The fol
lowing is a summary of the livestock In captivity. 

The subadults stocked last year ·In the Lnhu1puaa pond complex on the island 
of Hawaii were examined in July. The growth of these flsh was found to be satis
factory and they can be u.sed for induced breeding In the 1979 season. 

In addition to these 77 stocked subadults, recruitment of subadulta to this 
)ond complex is continuing. A total of 360 subadults and 115 juveniles have been 
ltacked in Hopea1a and Mano/Q1 ponds this year. 

The fishing effort for m1lkfish is continuing and intensifying in Pearl Harbor 
nd Kaneohe Bay during the breeding sellSon of 1978. This Is intended to increase 
le size of m1lkfish stock in captivity. They will be used for growth and matura
on studies in the coming year(s). 

A total of 150 subadults and 650 juveniles were captured this year. As of 
19ust 1978, mUkfish Inventory are: 

(1) On the Oceanic Institute campus: 

a. Rubber-lined ponds: 19 adults, 74 subadults, 650 juvenUes 

b. Environmental tank: 10 adults 

c. New dlrt pond *2: 0 adults, 11 subadults 

d. New dlrt pond *3: 13 achlts, 47 subadults 

e. Beer vats: 2 adults, 2$ subadults 

(2) Off campus: 

3.. National Ma.rine Fisheries Service, Kewalo: 6 adults 

b. Kualoa pond: 15 adults 

c. Kaneohe Ranch pond: 30 subadults 
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(3) Neighbor islands: 

a. Lahuipuaa pond complex •. Hawaii: 30 adults, 433 subadults. 
400 juveniles 

b. Nom1lu pond, Kauai: 30 adults 

dults 624 subadults 

Fry were again caught by a flne seine net at HawaU Kat, Oahu, during sev
eral field trips in the months of July and August. All of the fry exhibited the 
elongation and transparency characteristics of new recruits to the estuarine pop
ulation. The length of the fry at the time of collection was 1. 3 - 1. 6 cm (1. 5 cm 
average).' They were used for transport experiments and then for the growth 
studies. 

2. Holding Facilities Development Program 

a. New Fac1l1ties 

To accommodate the increasing m11kf1sh stock at the Institute, 
new holding fac1Uties have bl!en added. They are: 

(1) A lal'ge indoor tank. It is a rectangular concrete block 
~k measuring 5.2 m x 4.3 m x 1.2 m deep with a volume of 29.6 m3• Two col
lecting channels, 4. 3 m x O. 6 m deep, were incorporated into the bottom of the 
tank to fac1Utate the catching and handling of the fish. The photoperiod, salln1ty, 
and temperature are controlled. Its purpose is to test diet and environmental 
control for stimulating gonad maturation. This system wUl hold 20 or more 
large milkflsh. At present there are 10 flsh in this system. 

(2) Four liS-acre by 4 f~. deep outdoor dirt ponds have been 
completed and brought to productive condition. They have both fresh and saltwater 
suppUes and discharge gates for trapping fish by lowering the pond level. They 
are general-purpose ponds which were constructed with private funds, and they 
are available for milkfish growth and maturation trials • 

• Adults are fish older than 4 years, and subadults are those 2 to 3 years old. 
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(3) A new~a~~.~ by 6 f.t._ .. ~eep. dl~.pond was constructed. 
The pond construction and catchment gate are similar to the ponds mentioned 
above. This pond Is exclusively for the milkf1sh program and will be used to 
study maturation and carry out nutrition studies. 

b. Existing Holding Facilities 

(1) Six butyl rubber-llned ponds, 20 ft. x 30 ft. x 3 ft. (L x 
W x D) have been used to stock mullet and Sublldult mllkf1sh. These ponds w1ll 
be used for nutrition studles prior to the construction of the new pond. 

(2) A dlrtpond-inthe neighborhood of 0.88 acre has been used 
to maintain broodstock. This pond will be converted to an oxygenated pond when the 
water system Is completed. 

These new facWties increl18e the holding capacity from 7, 200 cu. ft. to 
250, 000 cu. ft. and remove a criticalllmltation we have suffered in the past. 

3. Handling and Transport Program 

Upon capture, the procedures for handling and transport have been 
established. The flsh were 1l8luUed by either dipnet or water-filled plastic bags. 
To mlnimlze the bandllng stress and damage, the latter 1s preferred. An80o-11ter 
circular tank--With a flrm cover Is used for transporting the mUkflsh. By reducing 
the sal.1nJ.ty llDd providing strong aeration, the best results are achieved. 

Newly captured flsh almost always have some injury. We have fcund that 
holding flah in a 16, OOo-llter tank and treating with Furacin greatly decreases 
the incidence of infection and mortallty. A salinity of 18 %0 is maintained through
out the treatment period. The flsh are treated with Furacin or Furan 2 (+)(-), 
once a day for 10 days or more untU all visible lesions or abrasions are healed. 
The length of treatment is dependent upon the amount of handling damage and the 
recovery time required for the particular flsh. When the flah has recovered, 
this procedure is followed by another 4 days' accUmation period wring which 
the saltnlty is adjusted to the natural condition prior to the distribution of fish 
into the permanent holding tanks or the experimental environment to which the 
fish will be transferred. 
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n. ESTABLISH CONDITIONS FOR SPAWNING 

A. Scope 

Under this section of the work, we have taken the approach of developing 
conditions which mimic the environments where m1lkflsh were known to achieve 
sexual maturity under natural conditions. We have assumed that the environ
mental conditions in which mllkfish with matul'e eggs are found are suitable for 
gonadal maturation. Fish with mature ovaries have been found in severalloca
tions: Kauai, HaWaii, Oahu, and Christmas Island. On the basis of these obser
vations, we have decided to emphasize a two-pronged approach to spawning milk
fish in captivity: establishing stocks in environments which are known to be 
suitable; and building environments that can be managed to mimic the conditions 
where the milkfish matured to spawning condition. 

B. Results 

1. Environmental Regulation of Captive Stock 

Intensive fishing efforts are being directed at obtaining additional 
milkfish adults for induced-spawning trials and to increase broodstock. In cap
tivity, resident milkfish have been subjected to a variety of modWed environments 
in order to evaluate the conditions required for gonadal maturation in captivity. 

t " One of the photoperiod laboratories at the Oceanic Institute bas been con- '3"" 
verted to a controlled holding facility. A total of 10 adult mWdish were stocked ~ 
nnd the environmental conditions have been maintained at a constant photoperiod 
of 18L/6D, a temperature of 25 0 C, and light intensity averaging 7.5 footcandles. 
Naviculoid diatoms and enteromorpha have been provided as natural food sources 
in this concrete tank. In addition, the diet is tlupplemented with catfish chow and 
protein supplement In the form of processed Spirullna. 

The gonad deVelopment of these flsh was examined after 10 weeks (on July 11). 
No development of eggs had occurred at that time. Since the time was short be
tween stocking and sampling, the study is still in progress and the fish will be 
sampled again in 10 weeks. 

2. ~ 

We are using Hopeata and Manoku ponds where previOUS work with 
hormones resulted in release of fully hydrated eggs as a location for captive 
stocks. These ponds have 50 resident adults and 77 subadults tluLt should reach 
maturity next breeding season. 
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We have made arrangements to use two ponds on Oahu as sources of mature 
milkfish for future years. We have stocked one of these ponds in the past and 
feel confident that this environment will continue to produce mature females. 
Since mature females tend to leave bracklshwater environments and head for the 
sea as the time of spawning approaches, flsh which come to the gates between the 
pond and the sea can be assumed to be mature. Intensifying our efforts to retrieve 
nsh from the gates is expected to be a productive approach in years to come. 
This behavior may be a bioassay for maturation in captivity. 

As described In the previous sectlon, we have built and stocked a numbelo of 1"/11' 
ponds at the Oceanic Institute. The 1/S-acre ponds C3ll be controlled for salinity .", 
and food. 

With the expansion of flsh-holdlng faclllties at the Institute and on Oahu, we 
expect to be able to provide strong lOgistics support to the spawning program in 
the next year. 

3. Nutrition 

We have recognized that nutritic,n plays an important role in its con
tribution to the maturation pl'Ocess and the composition of ~e eggs. However, 
untU we were In a position to have sufficient stocks of immature and maturing 
and mature fish and manageable facilities, it was premature to start on a nutri
tion program. 

In starting on a nutriticln program. we hllve assumed that in locations where 
m1lkfish farming would be supported by a hatchery program the broodstock would 
probably be held in ponds. 'l'hus we have attempted to extrapolate from pond ob
servations and consider pond management as part of the nutrition program. This 
year, only a few p rel1minary steps were taken in the area of nutrition. We an
ticipate that in 1979 we will be in a position to ca.rry out 'an experimental program 
in this a rea. 

Since mUkfish were ShlJWD to sexually mature in natural ponds by grazing on 
indigenous foods, we have taken a prelimJnary approach to nutrition by transplant
ing species of algae thatm11kfish are observed to be using as feeds to 01 ponds 
and maintaining outdoor environments which mimic the ponds where sexual matu
ration has been demonstrated. Providing supplemental feed by transplanting the 
species of algae and aquatic plants observed to be natural food for maturing ani
mals may be productive. This work is now in progress. 

Since we have captured sign1fic311t numbars of subadult flsh, it may be pos
sible to evaluate various feeds and supplements for juvenile and subadult flsh if 
it is the desire of the committee. 
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Without adequate nutrition, even the most preclsely controlled environmen
tal conditions would not likely produce mature eggs. No information is available 
on the qualitative and quantitative requirements of the. mllk:f1sh diet. Previous 
work by Halver and others has estabUshed that even when extensive studies of 
essential amino acids, Upids, carbohydrates, and vitamins have been completed, 
diets suitable for reproduction will not necessarUy result. Since these kinds of 
studies require many years and thousands of dollars, we have taken the advice of 
the 1977 RAe committee and formulated a basal diet consisting of: 

Soybean meal 20% premix--97 parts 
Wheat middUngs 20%} 
Tunafish meal 60% 

Propylene glycol } 
Visorbin (Vitamin B complex) 
Vitamin premix 

3 parts 

By feeding this diet to captive populations at the Institute, it will. be possible 
to compare the diets as a supplement to natural nutrition. The more practt.cal 
food used for' these herbivorous captive fish are modifications of ~e pelletizad 
food used for catfish. During shortages of this catfish chow supply, the diet 1s 
then substituted by the above-mentioned prepaloed feed being developed at the 
lnstitute. 
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m. INDUCE SPAWNING BY HORMONE INJECTION 

A. Scope 

This part of the program focuses on producing sufficient seedstock in cap
tivity by developing a reliable and defined spawnuig procedure. A coulderation 
of cost of hormones is part of this approach. 

The present state of the art indicates that unless adult mUkfish are subjected 
to environmental conditions which result in the stimulation of gonad development, 
induction of spawning by hormone injections will not be possible. We have shown 
that adult milkf1sh of both sexes can reach sexual maturity in confined brackish 
water and hypersaline ponds and other coastal environments. At the time of spawn
ing, the fish migrate to sea where the natural conditions trigger spawning and pro
vide an environment that favors larval survival. In this part of the program we are 
attempting the artificial induction of mUkfish spawning by injections of exogenous 
hormones, as a means of bypassing the unknown environmental requirements, for 
the last step. 

B.llesults 

Understanding of the reproductive cycle and spawning con,ditions are essen
tial to control the breeding in captivity. 

1. The Reproductive Cycle 

Individual statistical data have been accumulated to define the repro
ductive cycle of milkfish in the Hawaiian waters. The gonadosomatlc index (GSI) 
and the monthly variation of oocyte composition are used to postulate the cycle. 

In Hawaii, the breeding senson of milkf1ah occurs in the months of June 
through August, and September Is the posts pawning period. The data from the 
mUkfish population in Hawaii suggests a synchronous spawning behavior, namely 
all the mature oocytes are rp.leased at one time and the adults spawn once a year. 
The details of the reproductive cycle are shown in Appendix A. 

2. Work on Induced Spawning 

To exploit an alternative milkf1sh population prior to the beg1nntng of 
the breeding season in Hawaii, fieldwork on induced spawning was conducted on 
Christmas Island from April 20 through June 7, 1978. The report on the field
work on Christmas Island is attached (Appendix B). 
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To conduct fieldwork'oll Induced spawning in the neighbor islands (Hawaii 
and Kauai), five trips were made in this breeding season. The trips were: 

a. June 26 - July 1, 1978: Hopeaia pond, Hawaii 

b. July 17 - July 22, 1978: Manoku pond, HawaU 

c. July 25 - July 29, 1978: Nomilu pond, Kauai 

d. August 7 - August 16, 1978: NomUu pond, l\auai 

e. August 28 - September 1, 1978: Hopeaia pond, HawaU 

The details of each trip are described as follows: 

a. June 26 - July 1, Hopeaia pond, HawaU 

Over 100 mllkfish adults were trapped in Hopeaia pond and e.'(
amined. Most of them are sexually immature and they were presumably stocked 
in the previous year. Only five maturing or mature females were available; two 
of them were at the stage of yolk globule, with a mean egg diameter of 0.62 mm, 
and the other three females were still far from sexual maturation. The mean egg 
diameters were around O. 32 mm. 

All the males from the original broodstock were again sexually mature. 

Previous results indicated that the oocytes shol1id be O. 7 mm in diameter 
or above to offer the greatest chance for successful induced breeding. A priming 
dose of homogenate is injectod on capblre. This has been shown to be most suc
cessful when it is followed by a minimal number of injections of gonadotropin in 
the ensuing period. It should be noted that although an individual female fish may 
be in the mablration phase on capblre, the number of low-level dally injections 
of hormone required to advance development may unnecessarily stress the fish 
and possibly kill it. Thus when the oocyte diameter Is smaller than 0.7 mm It is 
necessary to wait for female fish to undergo further vite110genlc development be
fore injecting the hormone. 

For this reason, only two fem!Jles.~re subjected to three injections, 50 mg 
CPH and 5, 000 IU HCG ciiIfy for three days, to examine the oocyte response to the 
hormone treatments. The response was not signillcant and they, along with two 
other females, were released back to the Hopeaia pond. 
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b. July 17 - July 22, Manoku pond, HawaU 

Only one mwre female, With eggs of o. 55 - 0.6 mm, was cap
tured. Running males were obtainable from the pond. Because of the maturation 
a tate of the female, no attempt was made for induced breeding trials. 

c. July 25 - July 29, Nomllu pond, Knuai 

This trip was made primarily to evaluate the potentiality of 
m1lkfish populations in Nomilu pond for induced breeding use. The pond, about 
26 acres with a population of about 30 milkfish adults, presently is not in use. 
The purpose of this trip was to examine (1) the feasibility of capturing mUk!ish 
adults, (2) gonadal development of mi1kfish adults, and (3) the poss~bility of 
establishing a fieldwork slte. 

Because of the size and depth of the pond, a method of trapping is used. A 
seine net, 300 x. 18 ft. (L x. D) with a pulley system was used to intersect the 1/6 
section of the pond; flsh are then trapped in the pocket. A total of five adults 
were trapped: four mature f~males and one running male. Only t,YIO femnle~ 
with eggs larger than 0.8 mIll were injected with 100 mg CPH and 5,000 IU HCG 
as a primary dose. This was followed by 100 mg CPH and 20,000 IU HCG each 
on a daily basis. Since the Kauai work was a new location for the team, almost 
no support facilities were available at this location. 

A temporary holding facility was set up by enclosing a small section of the 
pond. It was inadequate to maintain the milkfish adults, as it was too shallow 
and muddy. 

After two injections, olle of the females released eggs. The second female 
died of handling stress and infection. Since these first results seemed to offer 
promise, we decided to estabUsh a working facUity on Kauai to work on this cap
tive population. A second trip to the Nomilu pond was planned. 

d. August 7 - Augus t 16, Nomihl pond, Kauai 

A temporary holding tnnk with necessary equipment was set up 
on site. The fishing operation, as in previous trips, was conchlcted to capture 
mUkflsh adults. 

The milkflsh were captured two times from a total of five fishing trials. In 
the first catch, only four mature females were caught; the egg diameters were 
0.6 and o. 8 mm (two fish each). No males were captured at this time. J'W9 of 
the~'red females, with eggs of 0.8 mm in diameter, were injected with 25 mg 
CPH and" 2,500 W1ICG. One of the treated females released the eggs in the hold
ing tank 22 hours after injection. Unfortunately, since no males were captured, 
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fertilization was impossible. The reJ;lla1ning two females proved to be too Imma
turetobe injected (egg diameter of 0.6 mm). No injections were given to these 
Iemrues and they were then released. . 

Further efforts were made to obtain ripe males to continue the induced
breeding trials. The fish soon learned to avoid the net and in this deep pond, our 
equipment was not adequate for further fishing. All the captured females were 
then released back to the pond after four days in captivity. 

A second attempt to catch mtlkfish adults was initiated. Only one ripe male 
was caught. Continued flshing failed to capture any female for induced-breeding 
trials; therefore, the fieldwork at NomUu pond, Kaua1, was terminated. 

Several commet\t.~ mvy provide important perspecti .... e. The fish that spawned 
produced a full complement or fully hydrated eggs. There is every reason to be
lieve that if a mature male or cryogenically preserved sperm were avaUable, 
fertilization might have been accomplished. 

This almost result emphasizes the need for more organization and pre
planning. We feel that the capt! ve populations now established wtlllargely over
come these problems. CryoL>reservatton of sperm may be useful for bacla1p 
support to the programs. 

e. August 28 - September 1, Hopeaia pond, Hawai1 

The gonad development of the resident broodstock in Hopeaia 
pond was reexamined. Most of the males were still at the running condition. Al
though the number of original broodstock identified in 1975 ",'as numerous, losses 
occurred mainly through poaching, with smaller losses from handllng and an 
early shipment of 30 adults to 01 offset by recruitment from subadults and juve
nUes in the subsequent years. 

Two females. not fully mature (0.32 mm in egg diameter) at the end of June, 
were recovered on this trip. One of them was full of atretic eggs, while the other 
showed significant progress in the ovarian development (vitellogenesis). The egg 
diameter increased from 0.32 mm to 0.62 mm in two months. These eggs were 
full of yolk materials, yet they were smaller than the optimal egg size proposed' 
for induced spawning trial; O. 7 mm or above was reported to be an adequate size 
range. 

The experimental adults were acclimated in 7 %a brackish water for a fe\\' 
hours after their capture from the pond where the salinity is 7 %a, and the sal1n1ty 7 
was gradually adjusted to 35 %0 m 30 hours. A total of seven in1ections of carp 
pitUitary homogenate (ranging fr.:lm 100 mg to 200 mg each) and HCG (ranging 
from 5, 000 IU to 20, 000 IU each) were given. The schedule of two injections 
dally, 9 a. m. and 6 p. m. t was followed. 
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At the end of four days' injection period, the fish conditions were excellent. 
However, no response of the yolk-laden eggs to the hormone treatments was ac
complished. From these observa~:ons we can conclude that progress of ovarian 
eggs from the early phase of yolk globule stage to the late phase of yolk globule 
stage is possible, even when sampling stress is introduced. This requires 
apprOJd.mate1y two months. However, yolk-laden eggs smaller than 0.7 mm in 
diameter are inadequate for hormone-induced spawning. 

f. ~ 

A total of 15 milkf1sh adults were obtained from Kaneohe Ranch 
pond owned by Mr. Ueymura. Two f6maleB ware found to be mature (egg diame
ters of 0.83 - O. 87) and ready for induCed-breeding trials. Another four adults 
were ident1fied as males, although they were not fully ripe. 

Both females were injected with carp pituitary homogenate combined with 
human chorionic gonadotropin twice a day. The times of injections were 3 hours 
after sunrise and the interface between light and darlmess. At these times, the 
fem:olcs is more receptive to the hormone treatments (obtained from the work on 
the mullet, refer to Appendix C). 

InjecUons in one of the females were terminated after four treatments be
cause of the physical damage and appearance of atretic eggs. Induced-breeding 
trials on the remaining female were continued for two more days. The progress 
of oocyte hydration was satisfactory and at least 16% of total oocytes were com
pletely clear and ready for fortillzation as determined by microscopic examina
tion 12 hours prior to stripping. The stripping was made when the fish showed 
cor.ti1\uOUS dribbling. Fertilization of these eggs was impossible because no 
semen was obtaJnable-from the males (poasibly more justification for a sperm 
cryopreservatlon activity). 

In summary, llmited numbers of milkfish adults were available for breed
ing trials. The mature adults were often collected from either brackish water 
(7 - 12 %0) or hypersaUne water (76 or 102 %0 at Christmas Island). 

Accllmation of these fish to the natural breeding condition, presumably 35 %0. 
imposes osmotic stress to the breeders being handled. The sallnity adjustment 
is usually completed in 24-30 hours. The mllkfish available in the Philippines 
may overcome these problems. We feel that the successful demonstration of 
hormone-induced spawning of fully hydrated eggs, even without fertilization, 
provides a good foundation for next year's work. 
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3. Future Work 

The major failing of this year's' activities was theinab111ty to capture 
fully developed females and males at the same time. This is especially tme in. 
the fieldwork in the neighbor islands. 

Establishing broodstock in captivity is the ke to s 
allation of mnW • ough w s can be captured and fertilization of eggs 
~mpleted following k1ll1ng aud stripping, the long-term benefits will be best ob
tained through management of the broodstock in captive situations. 

We feel that now the establishment of realistic-sized facilities andcaptlve 
populations of presexed fish should enhance the probability of succeeding in 
achieving fertillza.t1on and carrying out the further studies • 

.{i" L ..:.. ,IJ~. 
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IV. ESTABLISH CONDITIONS FOR LARVAL REARING 
IN THE LABORATORY 

A. ~ 

Larvul culture involves fertilization, hatching, and then rearing larvae to 
the ju\o"enUe stage. In general, it is essential to maintain optimal environmental 
conditions and to provide foods suitable for larval growth and survival. The fol
lOwing subobjectives have been defined: 

1. To develop larval-rearing techniques with descriptions of physical 
and food requirements of m11kf1sh larvae, and 

2. To improve larval survival by finc11ng the optimal conditions of larval 
life. 

B. Results 

Although we have not achieved a fert1l1zation this year, four successful 
spawniogs which produced 3. full complement of hydrated eggs suggest tha.t we are 
one step away from fertilization. 

1. Food and Physical Systems 

Considerable e:qlerience in rearing larvae of the grey mullet ~ 
cephalus) has resulted in development of fac1llties and foodilroduction capacitr 
for all stages envisioned as required for larval culture. Foods envisioned to be 
necessary are phytoplaIlkton and rottfera in culture and Artemia naupll1. A re-
view of our facilities should be given at this P(Jlnt. -

2. Present Hatchery 

The present experimental hatchery at the Oceanic Institute consists 
of tanks for the growth of algae, phytoplankton, rottfers, and brine shrimp. The 
hatching facUities allow holding of 10 mullet with four indoor culture tanks with a 
capacity to rear 15, 000 mullet larvae to stocking size. The other six outdoor 
culture tanks are also avaUable. 

3. New Fac1l1t1es 

The above hatchery was adequate to carry out research, development, 
and demonstration of methods of spawning and larval culture {or mullet. However, 
this fac1l1ty Is clearly inadequata for production of levels of fingerlings that would 
allow economic evaluation. Recognizing this falling and realizing the necessity of 
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having a production hatchery as well as fac1l1ties that support holding broodstook 
for large milkfish, considerable expansion of fac1l1ties was required. This has 
been accomplished during the past year. The new hatchery will make the required 
economic evaluation possible. 

4. Hatchery 

A production-size hatchery fac1l1ty was designed which would make 
use of an existing unf1n1shed building. In August 1978, the govel'JlOr of Hawaii 
signed the order releasing the funds for finishing the building; $300, 000 of State 
money coupled with $150, 000 of funds from the Doherty Foundation are committed 
to the program. This provides matching funds of $450, 000 to this program. 

5. Larval Rearing 

Efforts have been made to develop techniques for larval rearing by 
using wild milkfish larvae before the larvae pl'oduction is realized in captivity. 
Collection of newly recruited fry from the wild continued to conduct experiments 
on larval survival and growth. Various feeds including Spirulina Ilupplement 
were examined. 

The larvae were caught near Hawaii Kai in bracldsh water and were esti
mated to range in age from 10-14 days. Total length at this stage averaged 15 

. mm (range 13-16 mm) and average weight was 13 mg. Fifty larvae were placed 
in each of six 80 I aquaria with a water exchange rate of 3/day. Other parameters 
measured in this experiment wer.e salinigy (32 %0), temperature (25-26° C) and 
dissolved Oh-ygen levels (7. 0-7.5 mg/l). Aquaria were cleaned daily and rations, 
mortalities, and other obser·/ations were noted. The larvae in each tank were 
fed one of six different rations daily so that food would not l:a a limiting factor. 

Treatment and results are described as follows: 

Total 
Length (av.) Weight (av. ) Survival 

Treatment Dail~ Ration ,range} ,ransel Rate '%1 

ChIorella salina 
4 

10 cells/ml 0 

Brachlonus plicatUus 5 rot./ml 27 mm 0.25 g 10 
(18-39 mm) (0.12-0.37 g) 

C. saUna + 104 cells/ml 23mm 0.13 g 54' 
B. plicat1lus 5 rot./m! (18-32 mm) (0.04-0.28 g) 

19 



Total 
Length (av. ) Weight (av.) Survival 

Treatment DaUy Ration (range) (range) Rate (%) 

Purina catfish chow 0.5-1.0 g 31mm 0.20 g 12 
(25-37 mm) (0.lO-0~ 29 g) 

Splrulina maxima 0.5-1.0 g 34mm 0.33 g 34 
(spray-dried) (28-45 mm) (0.15-0. 73 g) 

S. maxima + chow 0.5-1.0 g 30mm 0.26 g 66 
(17-40 mm) O. 04- O. 58 g) 

There was a rapid decline In the numbers of larvae fed only the alga. 
Chlorella salina and that treatment was terminated on day 12 when there were no 
remaining survivors. The other treatments were continued for the full 3o-day 
period. By day 30 the survivors from all of the treatments were noticeably 
smaller than those caught at the same time but which were stocked In an outdoor 
pond. These fish were fed supp.lementDJly with a 1:1 mixture of spray-dried 
Spinlllna ma.:dma and finely··ground Purina catfish chow. 

These preUminary s1udies demonstrated that Spirulina ~ and~. 
maxima mixed evenly with flnely··ground Purina catfish chow can be successfully 
used to feed milkfish larvae of 10 or more days. These diets provide good growth 
and sur-.1val and are easily handled and stored at room temperature. It would 
appear, however, that these rations might be llSed most effectively as a supple
mental feed to natural biogrowth in outdoor ponds rather than as a sole source of 
nutrition. :EUrther feeding trials are necessary to ascertain whether~. maxima 
and Purina catfish chow are nutritionally complete for milkfish larvae at this 
stage. 

In preparation for larval fish-rearing efforts with milkfish, the food produc
tion system was scaled up to meet future demands. Emphasis has been placed 
upon improving and expanding phytoplankton and rotifer culture techniques. The 
ubiquitous algae, Chlorella s-pp. and Tetrasebnis spp., have been selected for 
their high productivity and euse of cul1ure in large volumes. Brachionus pllcatllus 
was cultured using Chlorella achieving densities of 150 rotifers/mlln 10 days • 
. Tetraselmls spp. was demonstrated to be acceptable to three-week-old mllkfish 
larvae. 

A new alga species, N::umochloris spp., is now being mass-cu11ured for use 
in m1lkfish larval rearing. This alga appears to be a superior base for our food 
chain for two reasons: it call be intensively cultured under a wider temperature 
range than the Chlorella and Dunallella previousl}' used, and it has a smaller per-

. centage of cell wall than does the ChIorella, making it easier to digest. 
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6. Fry TransPOrt 

The transport experiments of DiWdlsh fry up to the density of 100 fry 
per Uter were conducted in 1977. The results are shown in Appendix D. The 
The experiments continued this year when new recruits of m1lk:flsh fry became 
avaUable from the wild. The denSities from 50 to 1,000 fry per liter were ex
amined. The results indicated that up to 1, 000 10- to 14-day-old fry per Uter 
can be safely transported for periOds as long as four days. SallD1ty was 18 %0 In 
a ratio of 5:1 (air to water). 

Results of fry transport experiments for a 7-day period are as follows: 

Initial D. O. Mortality Final D.O. Temperature 
Density (ppm) (%) (ppm) (0 C) 

50 fry/! 7.5 2 5.1 24 

100 fry/! 7.5 3 4.9 24 

500 fry/! 7.5 1.2 2.5 24 

1,000 fry/! 7.5 1.1 4* 24 

'" In the preliminary test, 100% mortal1ty was noted at the end of the 7-day experi-
ment period. The test was repeated and terminated with only 1.1% mortality ob
served at the end of four days. The loss of the first trial was due to bag leakage. 
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A. Scope 

V. DEVELOP PRACTICAL METHODS FOR LARGE
SCALE FRY PRODUCTION 

To develop pracUcal rearing procedures for large-scale production of milk
flsh seeds through understanding of ecological and nutritional requirements of 
postlarvae. 

The scope of this work starts with the recognition that methods that are de
veloped at a well-equipped research Institution are dependent on pumps, fUters, 
and expensive equipment. These methods must be adnpted to a set of simple pro
cedures that can be scaled to production-level activities. 

B. Results 

The compleUon of this objective w1l11011ow from an understanding of the re
quirements for culture of the mJlkf1sh larvae. We have not succeeded in obt3.1n1ng 
fertilized eggs this year. 

We have made arrangements to interact with the workers at SEAFDEC 
where the spe.wning and fertWzation of milkfish has been accomplished. Although 
large number's of fish have not been produced, we anUcipate that based on our pust 
experience with mullet culture, it may be possible to plan for large-scale culture. 

However, until specific larval foods, stocking density, now rates, etc., 
can be determined, it will not be possible to go any further with this study area. 
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A. Scope 

VI. DETERMINE THE ECONOMICS OF 
HATCHERY OPERATION 

Operating a larval-rearing program of significant size is essential to de
termine the ecoDomics of such an activity. In the absence of a fertilization this 
year, we cannot carry out this objective at this time. 

B. Approach 

We will work withthe SEAFDEC team to review their program and develop 
a preliminary cost analysis for the economics. We are working with James M. 
Montgomery Consulting Engineers who have considerable experience in construc
tion in Southeast Asia to develop preliminary estimates of costs of operation from 
existing data. 
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VII. REPORT ON MILKFISH PATHOLOGY PROGRAM 

Basic to the spawning and rearing efforts of milkfish in captivity is main
taining them in a healthy condition. This requires in the aquaculture program a 
pathology/health component. Because of the youthfulness of pathology in the 
aquaculture field, a program in this area should be broad and diverse. This is 
the case with the program here at the Oceanic Institute, which has made the fol
lowing contributions: 

I. To milkfish health directly 

A. provided first description of a pathologic condition, gastrlt1s, in the 
milkfish. The gastritis may be an etiologic factor in producing the well-mown 
nervousness of the milkfish, or the nervousness may be the cnuse of the gastritis. 
Paper in press: Smith, A. C . Pathology and Biochemical Genetic Variation in 
the MUkfish, Cbanos cbanos. ~. Fish BioI. 

B. Developed a trio of simple noninvasive tests for identifying early non-
specific stress, stress related to starvation, and stress related to the early on
set of disease. Papers published: (1) Smith, A. C., and Ramos, F., 1976. 
Occult Haemoglobin in Fish Skin Mucus as an Indicator of Early Stress. ~. Fish 
Bioi., t:537-541. (2) Ramos, F., and Smith, A. C., 1977. Ketone Bodies in 
Fish Skin Mucus as an Indicator oC Starvation: A Preliminary Report. J. Fish 
Blol., 12:105-108. (3) Ramos, F., and Smith, A.C., 1978. TheC-Re8.ctive 
Protein (CRP) Test for the Detection of Early Disease in Fishes. Aquaculture, 
.!i:261-266. 

C. PrOvided first description of allergy-like incompatibilities between 
milkflsh and products (skin mucus) of other fishes. Article published. Smith, 
A. C., 1977. Reactions of Fish Red Blood Cells with Mucus and Sera from 
Other Fish(es). £!!!!. Fish Game, g:52-57. 

D. Determined in milkfish by automated chemistry analysis the baseline 
seNm and skin mucus values for 24 chemical tests before and after the applica
tion of stress sufficient to compromise health.. The purpose was to identify 
( 1) the key tests prOviding health information, particularly with mucus because 
of its ready availability, and then (2) the simple inexpensive commerclally avaU
able kit tests for individually carrying them out. 

* Supported by the Rockefeller Fowuiation and the Engelhard Foundation. 

24 



E. Developed from autopsy examinations of m1lkf1sh and other fish 
species a concept of !!! ~ clott1Dg from multiple etiologies (infection, trauma, 
etc. ) possibly playing an unsuspected major role in causing mortaUties. 

F. Contributed pract:l.calillformation to field personnel on handling shock-
like conditions and other health problems in mllkfish related to capture and sub
sequent containment. 

II. To general milkf1sh biology 

A. Developed a simple inexpensive method for identifying intraspecific 
molecular variation in m1lkfish. Application of this tec~que may help to under
stand the basis for variations in breeding cycles among milkf1sh of different geo
graphic areas by llnk1ng the variations to different subpopulations. Submitted 
m. s.: Smith, A. C. Reactions of Fish Nuclear Lens Proteins with Sea Cucumber 
Coelomic Fluid. 

B. Developed working mod(!ls of a simple slide test for. identifying the 
sex of milkfish by blood and skin mucus reactions. 

m. To other scientific fields 

A. Invertebrate pathology 

Demonstrated with the aid of milkfish serum the first known allergy
like reactions in a marine invertebrate. Three papers published: (1) Smith, 
A. C., 1977. Immunologic Reactions of the Sea Cucumber, Holothurla cinerascens, 
to Serum from the Milkflsh, Cbanos cbanos. I. ~. Path •• 29:326-331. 
(2) Smith, A. C., 1978. A Proposed Phylogenetic Relationship between Sen Cu
cumber Pollan Vesicles and the Vertebrate Lymphoreticular System. !!. Invert. 
Path., 31:353-357. (3) Smith, A. C., 1978. Hypersensitivity and Desensitiza
tion in the Sea Cucumber, Holothuria cinerascens. !2!!:.. Compo Immunol., !: 
355-360. 

B. Human medicine 

1. Developed with the aid of miUcfish serum a model of human 
immunopathologic conditions, viz., bronchial asthma and autoimmune disease. 
This work is in an advanced stage of writeup. 

2. Determined that the mUkfish could provide a model of buman 
a- or hypocatalasemia. Published article: Smith, A. C., 1976. Catalase in Fish 
Red Blood Cells. Compo Biochem. Physiol., .2:!!3:331-332. 
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c. Comparative medicine 

Described the presence of oncoCetal protein (carcinoembryonic antigen, 
or CEA) in the m.Ukfish. This type of protein Ls well known in mammals in asso
ciation with certain types of pathology. particularly mn1tgnancy, but had not 
previously been described in fish. Paper in press: Smith. A. C. Oncofetal 
Proteins in Marine Animals. Compo Biochem. Physiol. 
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vm. FACILITIES AND STAFF SUMMARY 

During the last year, the Oceanic Institute has made a major commitment 
to marine finfish aquaculture. This is best evidenced in a summary of the facU
lties directly involved and the mWcfish program and the general support labora
tories that are involved in the program. 

A. Finfish Hatchery 

The marine finfish hatchery bas been discussed previ~sly. This 13,400 sq. 
ft. buUding will have 4,500 sq. ft. committed to larval culture with complete 
capabll1ty for phytoplankton, algae, rotifer, and Artemia culture. The build1nV 
will also have complete capability [or water quality analysis. 

B. Ponds 

The Institute has a variety oC experimental p'Jnds available to the program. 
These range from 20' x 30' rubber-lined ponds for holding juvenile stocks and 
carrying out feeding experiments to 1/S-acre ponds for conducting experiments 
with adult and subadult milkfish. The ponds have a lull range of water quality 
and salinity control. Three ponds are equipped with auxiliary aeration systems 
(these ponds and support systems were constructed with private funds). 

C. Photoperiod Control Laboratory 

The photoperiod control laboratory contains a 16' x 14' concrete tank. The 
lab is equipped to control temperature, sal1nlty, and all aspect.<: of water quality 
and photoperiod. Smaller tanks are also avaUable in simllar environments if the 
program requires these facilities. 

D. Support Programs 

Water Quallty. A fully equipped water quality lab is kept operational at the 
Institute. Under the direction of Dr. Paul Blenfang and Ms. Wendy Johnson, thla 
laboratory monitors water quality in all programs including microbiological 
determinations. 

pathology. The pathology program under the direction of Dr. Al Smith 
provides fac1litles to autopsy dead animals and diagnose disease situations. 

Feed Lab. The Oceanic Institute maintains a basic capability to blend 
ingrec11ents for the formulation of experimental diets. As the kinds of feeds re
quired are better mown, we have been prOmised support from the Waldron 
Company which operates a large feed mill on Oahu. 
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Engineering Services. The Institute has an ongoing engineering program 
headed by Guy Rothwell. He and Steve Ribakoff are responsible for the design of 
fac1llties, tanks, pond water systems. In cODjllnctlon with Robert Sbleser, they 
carry out work on economics. 

Data Processing. Rosie RothweU-KonlDgsberger is responsible for data 
processing. 

Adm1n.tstrative Staff. Richard Power is in charge of the administrative 
program. BQ\)kk~eping, secretarial services, and drafting are provided to the 
program. 

IJbrary. The library mainta1nS active subscriptions to the major journals 
that report results in aquaculture, physiology, flsh nutrition, and endocrinology. 

University of Hawaii. A close working relationsh4: has been developed with 
the University of Hawaii. WUl1am Furtick, Dean of Tropical Agriculture, 'is one 
of the C'rustees of the Institute. John C~V~I1, Marine Affairs Coordinator of the 
State of HawaU and Dean of Marine Progra.IDS, is also a trustee. 
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